A 25-year-old man with a history of perinuclear antineutrophil cytoplasmic antibodies-associated vasculitis presented to the ambulatory clinic with five days of diffuse myalgias and muscle tenderness. The patient had undergone kidney transplantation three years before presentation and had no post-transplant complications. He was maintained on cyclosporine, prednisone, and mycophenolate mofetil. Simvastatin 20 mg daily was started two months after transplantation for development of post-transplant hyperlipidemia. Three months before presentation, the creatinine concentration was 1.8 mg/dL. Two months before presentation, the simvastatin dosage was increased to 40 mg daily.
Cyclosporine and Statins
Cardiovascular disease is the most significant cause of death in patients with a functioning renal allograft ( Figure 1 ). 1 Hyperlipidemia is very common in these patients, 2 making strict lipid control a key to reduce mortality. Post-transplant hyperlipidemia is caused by many factors, including age, body mass index, genetic predisposition, and receipt of immunosuppressive agents such as cyclosporine, prednisone and rapamycin. The increased daily dosage of simvastatin to 40 mg with concomitant use of cyclosporine caused rhabdomyolysis in the patient described in this case study. Thus, this case illustrates important facts about the concomitant use of statins and cyclosporine in transplant patients. First, these patients may present to the outpatient clinic with slight and minor complaints, making it important for the primary care provider to have a high index of suspicion of rhabdomyolysis. Second, patients taking cyclosporine and a statin medication are at risk for contracting rhabdomyolysis, a known drug-drug interaction. 3 Finally, close monitoring and
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Statin Metabolism
Statins vary in their characteristics (Table 1) . Although statin serum concentrations increase when administered with cyclosporine, 3-8 the reasons differ. Cyclosporine is an inhibitor of the cytochrome P450 isoenzyme 3A4 (CYP3A4) and possibly of the active transport mechanisms OATP2 (organic anion transporting polypeptide-2) and P-Glycoprotein, which are involved in the biliary excretion of statins. Lovastatin, simvastatin, and atorvastatin are metabolized by CYP3A4. Lovastatin and atorvastatin are excreted into the bile, and simvastatin is likely to be excreted to the bile, causing increased serum concentrations when used with cyclosporine. Fluvastatin is metabolized primarily by the cytochrome P450 isoenzyme 2C9 (CYP2C9), but is also extensively excreted in the bile, causing increased serum concentration when used with cyclosporine. Pravastatin and rosuvastatin are not metabolized by CYP3A4; nonetheless, increased concentrations of these drugs have also been observed when administered with cyclosporine perhaps because these drugs are substrates of OATP2.
5,9

Managing Hyperlipidemia in Kidney Transplant Patients
Managing hyperlipidemia in kidney transplant recipients should follow the National Kidney Foundation Kidney Disease Outcome Quality Initiative guidelines, 10 which state that kidney transplant recipients should be considered at high risk for cardiovascular disease. The guidelines consider that a low-density lipoprotein concentration of less than 100 mg/dL is optimal.
Statins are the mainstay of medical treatment in kidney transplant recipients. They not only improve the lipid profile but may also protect graft function and directly impede atherosclerosis. 11 Depending on a patient's lipid profile, one may initially institute dietary modification, increased physical activity, and weight-reduction therapies. 12, 13 However, this is rarely enough to achieve target levels, and statin therapy should be initiated. Studies have shown the efficacy and safety of low dose statin therapy in this population. 2, 11, 12, 14 In particular, an average daily dosage of 10 mg simvastatin and 20 mg lovastatin had proved efficacy with minimal adverse outcomes. 13, 15 Fluvastatin and pravastatin have also proven to be of benefit in this population. 3, 16, 17 Other interventions are recommended in those with other types of dyslipidemias that cannot be controlled with statins. 11 The addition of fish oil by itself has been tried if the patient's lipid profile initially shows isolated hypertriglyceridemia or in combination with a statin in patients with mixed hyperlipidemia. Fish oil may reduce platelet aggregation, decrease blood pressure, and benefit graft function. Addition of a fibrate is not recommended because of the increased risk of myopathy in patients on statins. However, fibrates may be used as monotherapy for patients with low HDL associated with high triglycerides. Care must be taken to monitor creatinine and cyclosporine levels with fibrate use because their levels may decrease. The minimal dose needed to achieve the lipid goal is recommended. The use of niacin is limited mainly because of flushing and gastrointestinal side effects.
Giving antioxidant vitamins or folate to those with hyperhomocysteinemia to reduce the effects of oxidized LDL has not shown to be effective in preventing cardiovascular outcomes. 11 Cyclosporine increases homocysteine concentrations perhaps by disrupting folate-assisted remethylation. 11 Supplementing folic acid to correct this in patients on cyclosporine would not be beneficial because the folate cannot be utilized for remethylation. When target lipid levels cannot be achieved by medical management, thought is given to changing the patient's immunosuppression regimen. These adjustments are best made by the nephrologist. Prednisone can sometimes be tapered with or without a change in the azathioprine or mycophenolate mofetil dose. Cyclosporine can also be adjusted in such a manner. Sirolimus may also cause hyperlipidemia and can sometimes be discontinued or replaced. Tacrolimus has not been reported to cause hyperlipidemia.
Recommendations
On the basis of current evidence, we recommend the following:
• Periodically check levels of aspartate aminotransferase and alanine aminotransferase.
• Check activities of aspartate aminotransferase, alanine aminotransferase, and creatine kinase upon -Start of statin therapy.
-Change of statin dose.
-Start of drugs known to interfere with cytochrome P450. -Complaints of symptoms. -Higher than therapeutic cyclosporine levels.
• Start statin daily dosage at 50% of the daily dosage for nontransplant patients and titrate up to no more than 25% of the maximal dose in nontransplant patients. (Statin medications have been safely used at these dosages. 13, 14 ) • Monitor symptoms of rhabdomyolysis while patients are on statin therapy.
• Educate patients about their symptoms so they can report them to their doctor when they occur.
• Discontinue a statin if rhabdomyolysis develops and check cyclosporine and serum creatinine levels.
• Hospitalize a patient in the following situations:
-Increase in creatine kinase more than mild.
-Oliguria or acute kidney failure develop.
-Pain more than mild; overall functioning decreases; self-hydration not reliable. Consider prescribing fluvastatin or pravastatin as suitable alternatives to other statins because few side effects related to myopathy for these two have thus far been reported.
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